We propose the demonstration of a portable electron spin resonance (ESR) spectrometer using an integrated voltagecontrolled oscillator (VCO) as both RF excitation source and ESR detector. As an extension to the work presented by our group in [1] , in which we extracted the spectroscopic information from an ESR-induced change in the oscillation frequency, in the presented setup, we sense the ESR signal as a change of the VCO amplitude by utilizing the builtin AM-demodulation capabilities of an LC tank VCO [2]. This amplitude-sensitive approach not only greatly further reduces system complexity but also opens up the path towards more advanced ESR detection methods in addition to the conventional continuous-wave method used in [1] .
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I. DEMONSTRATION SETUP
We propose the demonstration of a portable electron spin resonance (ESR) spectrometer using an integrated voltagecontrolled oscillator (VCO) as both RF excitation source and ESR detector. As an extension to the work presented by our group in [1] , in which we extracted the spectroscopic information from an ESR-induced change in the oscillation frequency, in the presented setup, we sense the ESR signal as a change of the VCO amplitude by utilizing the builtin AM-demodulation capabilities of an LC tank VCO [2] . This amplitude-sensitive approach not only greatly further reduces system complexity but also opens up the path towards more advanced ESR detection methods in addition to the conventional continuous-wave method used in [1] .
The architecture and a photograph of the presented portable point-of-care ESR spectrometer are shown in Fig. 1 . Here, a permanent magnet (Metrolab PM 1055) provides a constant 0.5 T magnetic field. The ESR sample is placed on top of our on-chip VCO, which is mounted on a PCB and placed inside the magnet. The VCO is biased by an off-chip 0 mA to 24 mA variable current source. The VCO tuning voltage and its AM output are controlled and monitored, respectively, by a National Instruments sbRIO FPGA board through a DAC and an ADC. A LabVIEW program running on a laptop computer orchestrates the experiment and is used for data display and storage.
An ESR measurement is performed by sweeping the VCO frequency through the resonance condition ω res = γ·B 0 , where γ ≈ 2π·28 GHz/T is the electron gyromagnetic ratio and B 0 is the static magnetic field. Close to resonance, the sample susceptibility changes, which in turn changes the VCO coil impedance, and thereby also the VCO amplitude and frequency. The former change can be directly detected at the center tap of the VCO coil [2] . To improve the achievable SNR, lock-in detection can be used by introducing a small FM-modulation via the VCO tuning voltage.
II. VISITOR EXPERIENCE
A visitor who comes to our demonstration will learn the basic principle of ESR and its usefulness for many applications involving the detection of free radicals (e.g. reactive oxygen species in medicine and food analysis and paramagnetic defects in material science). Contrasting our portable ESR setup against conventional systems, visitors can appreciate the great potential of VCO-based ESR detection, which fully benefits from scaling in integrated circuit technology to go to higher operating frequencies and thereby better sensitivities. The proposed amplitude detection scheme further reduces system complexity and thus system size and cost. Overall, the presented VCO-based ESR spectrometer presents the first generation of point-of-care magnetic resonance devices which paves the way towards future high-fidelity bedside patient blood sampling.
Visitors can interact with our setup in several ways: With some initial instructions, visitors will be able to independently measure ESR spectra of different samples. To this end, we will supply a stock of various ESR samples which underline the rich information content of ESR spectroscopy as a stateof-the-art analytical tool. Visitors can compare the different SNRs in direct-detection vs. lock-in detection to appreciate the benefit of the latter. Finally, visitors will be free to change many experimental parameters and explore their changes on the ESR signal with the goal of maximizing the overall SNR.
